Geomagnetic activity is characterized by four solar wind conditions. Each condition has specific impact on ionosphere. This paper review on fluctuating activity effects on ionosphere F2 layer through its critical frequency foF2 variations. Under fluctuating wind conditions, we have investigated on annual, diurnal and seasonal variations of foF2 during solar cycles 21 and 22 phases covered by Ouagadougou ionosonde station data (Lat: 12.5˚N; Long: 358.5˚E; dip: 1.43˚). Our investigations show that foF2 annual' variability is in phase with solar cycle. The diurnal variation is "noon bite out" most of the time except for the solar maximum where we have a morning peak testifying to the fact that the vertical drift E × B is disturbed. The seasonal variations show that the fluctuating activity has no particular effect on certain characteristics of the equatorial ionosphere such as electrojet and vertical drift E × B. However, the increase of the electric field pre-reversal phenomenon in autumn is a characteristic effect observed during the fluctuating activity.
Materials and Methods

Data
Data in this paper are:
1) F2-layer critical frequency (foF2) hourly values from Ouagadougou (Burkina Faso) ionosonde station data during the solar cycles 21 and 22, provided by Télécom Bretagne;
2) Sunspot numbers Rztaken from: http://spidr.ngdc.noaa.gov/spidr/;
3) Geomagnetic index aa from: http://isgi.unistra.fr/data_download.php and summarized in pixel diagram ( Figure 1 ).
Methods
The diurnal values of foF2 are obtained with arithmetical calculation for each solar cycle phase and seasons.
Based on the strong correlation between geomagnetic index aa and solar wind velocity established by [5] , it is well-known [6] - [12] that disturbed activity is expressed by recurrent activity due to solar high wind stream, shock activity due to Coronal Mass Ejections (CMEs) and fluctuating activity consequences of the fluctuation of solar heliosheet. We used the so-described classification to identified days under fluctuating conditions mean to pixel diagram fully described in [11] [12] [13] and characterized by aa > 20 nT. The profiles obtained with the data used in this paper are analysed in comparison with different results presented by [15] for African equatorial region:
"Dome", "noon bite out", "morning pic", "reversed" and "plateau" profiles. We also inspired ourselves with the works proposed by [16] [17] [18] [19] [20] where it is established the link between these profiles and the nature, strength or absence of electric currents in E layer of ionosphere: "dome" and " plateau" profiles express the absence of electrojet while the "morning pic" profile shows the existence of moderate electrojet; the "reversed" profile shows to the presence of important afternoon conter-electrojet; and the "noon bite out" profile testified to the presence of high electrojet. In addition, [21] [22] [23] reviewed on mechanism responsible of equatorial trough at noon induced by electrodynamics E × B process.
Results
Occurrence of Fluctuating Activity Days
Using the criteria of the geomagnetic activity classification described in section is not important. These percentages are in the order of 40% to 45% except in the summer of cycle 22 where the percentage is about 38%. Figure 3 gives an overview of foF2 behavior during the two solar cycles covered with our data. Two distinct parts can be observed: 1976 to 1985 and 1986 to 1996 corresponding respectively to solar cycles 21 and 22. Both cycles present similar trends: an increasing trend from a minimum value followed by a decreasing trend. The peak in each profile of foF2 is closed to the maximum phase of the given solar cycle. In addition the minimum, increasing and the decreasing in each profile is linked of the minimum, ascending and decreasing phases of solar cycle respectively. We can see that the critical frequency's profile follows the solar cycle evolution. At the solar minimum phase, we observe a "noon bit out" type profile. The first peak occurs at 09:00 LT and the second at 18:00 LT. The trough is observed around 12:00 LT. One can see that the first peak named "morning peak" is more pronounced than the second named "evening peak". During the ascending phase we have a "noon bite out" profile. The "morning peak" is observed at 10:00 LT during cycle 21 and at 09:00 LT during cycle 22.
Annual Variations of the Critical Frequency foF2
Diurnal Variation by Solar Cycle Phases
The "evening peaks" occur at 16:00 and 17:00 LT respectively at cycle 21 and 22.
At solar maxima, we note a "morning peak" profile. The peak occurs at 10:00 LT and at 9:00 for cycles 21 and 22 respectively. Both profiles also present a trough at 20:00 LT followed by a peak around 00:00 LT. One can see that from 09:00 LT each curve shows a decreasing trend.
The decreasing phases are marked by "noon bite out" profiles; the morning and evening peaks occurring respectively at 09:00 LT and 17:00 LT. The midday trough is observed around 12:00 LT for each solar cycle.
It is important to note that for each phase and for each cycle, we have a deep minimum in the morning at 05:00 LT. For our investigation, we can also note that foF2 profile during cycle 21 is always above that of cycle 22. Figure 5 shows the diurnal variations of the critical frequency foF2 for different seasons during two solar cycles: continuous curves for the cycle 22 and the dotted lines for cycle 22.
Seasonal Diurnal Variation of foF2
We can remark that all the seasons are characterized by a "noon bite out" profile. During winter the morning peak occurs at 10:00 LT and the evening peak around 17:00 LT. Both peaks are asymmetrical; the morning peak is higher than the evening peak. The midday trough, observed around 12:00 LT is less pronounced.
In spring the peaks are symmetrical. The morning peak occurs at 10:00 LT and the evening peak at 17:00 LT. The trough occurs between 11:00 LT and 14:00 LT.
During summer, the peaks occur respectively at 09:00 LT ant 17:00 LT and the midday trough is observed between 11:00 LT and 16:00 LT. The peaks are asymmetrical; the evening peak is higher than that of the morning.
Peaks are also asymmetrical in autumn; the morning peak (09:00 LT) being more important than the evening one (16:00 LT). The midday trough occurs at 12:00 LT. The autumn profiles present a trough 20:00 LT followed by a peak at 21:00 LT. Autumn is the only season where a night peak is observed.
Winter and summer curves show that the temporal values of foF2 are higher in winter than in summer. During equinoxes (spring and autumn) the profiles are almost similar and the values almost equal. From sunset (18:00 TL), all the curves decrease but the phenomenon is more important in summer, compared to other seasons. 
Discussion
The evolution of the annual values of the critical frequency foF2 during the fluctuating activity is a function of the solar cycle phases. During the solar cycle, it increases from the minimum phase to the maximum and decreases from the maximum to the decreasing phase.
foF2 temporal variations over the solar phases show "morning a peak" during each season. In addition, the minimum, increasing and decreasing solar phases are characterized by a "noon bite out" profile. This testifies to the permanent presence of a strong electrojet in the morning. However, the counter-electrojet is only observed during the other solar cycle phases except during the maximum.
Except the solar maximum period, the midday trough is observed during the other solar phases. We can deduce that the fluctuating activity disturbs the ascending drift when the solar activity is maximal.
Only the maximum phase is marked by the signature of the pre-reversal enhancement (PRE) of the electric field. The phenomenon is indicated by the night peak during this phase. These observations are in agreement with those made by [22] who noted the presence of increased PRE during the entire solar maximum.
All the seasonal diurnal profiles are "noon bite out" type. The midday trough is observed for all the seasons between 14:00 and 16:00 LT. These two observations show the permanent presence of the electrojet (in the morning) and the counter electrojet (in the evening) and the vertical drift signature during the day. The effect of the pre-reversal of the electric field is observed only during autumn. This pre-reversal phenomenon during autumn is a feature of the effects of fluctuating activity [28] .
A simple comparison between the different profiles shows that ionization is more important in winter than in summer. But at the equinoxes the ionization is nearly similar. It can therefore be deduced in agreement that under the fluctuating activity conditions the density of the layer F2 has equinoctial properties.
Conclusions
This study has investigated on the critical frequency of the F2 layer of the ionosphere (foF2) during fluctuating geomagnetic activity using data from the Ouagadougou ionosonde station for solar cycles 21 and 22. For Annual, diurnal and seasonal variations behaviors of F2-layer interesting results have been pointed out.
1) The annual variation shows that the ionospheric parameter foF2 evolves according to the solar cycle phases.
ence of the fluctuating activity throughout the pre-reversal of the electric field during the maximum solar phase.
3) The seasonal variations show that the fluctuating activity has no particular effect on certain characteristics of the equatorial ionosphere such as electrojet and vertical drift E × B. However, the increase of the electric field pre-reversal phenomenon in autumn is a characteristic effect observed during the fluctuating activity. This study also shows that foF2 values are higher in winter than in summer; this means an increase in the electron density of the ionosphere in winter compared to summer. At the equinoxes, ionization is almost similar.
